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ABSTRACT: 
This work is a first approximation to obtain an automatic classification system which solve the 
problem of over-classification at marble industries or other industries that have to do visual 
classification of its products. For this, we use some training samples to establish judgments for 
classifying colorimetrically and in an automatic way natural stone. 
Firstly, we measure the colorimetric values from the slab with a calibrated digital camera. After 
this, we implement the S-CIELAB model over the obtained images. Then we implement one 
spatial dithering method to simulate other viewing distances. Last, we calculate colour differences 
between the images and depending on its values we will establish judgments for classifying them. 
Key words: Visual and colorimetric classification, S-CIELAB, camera characterization. 
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1. Introduction 
A lot of industries need visual classification of their 
products. The marble industry is an example of this. 
At the moment, the classification is done by an 
expert person from a close distance. He looks at a 
piece of marble and, depending on its appearance, he 
decides if it has a better or worse category. But this 
classification is very subjective and some pieces of 
marble could be classified differently depending on 
worker’s mood. Moreover, there are some pieces of 
marble that don’t have commercial output for its 
stained appearance. However, a lot of pieces of 
marble are used as building materials and are put to 
far distances where you can not see its defects. 
Because of this, in this moment there are two 
problems with the manual classification: the over-
classification and the lots without commercial 
output. We think that these problems may be solved 
with an artificial visual system and in this work we 
study some possible solutions. We do some 
advances in the industrial colour classification of 
artificial and natural textures (natural and artificial 
stones, ceramic tiles, etc) based on new imaging 
colour appearance models. 
Therefore our main purpose is to set judgments for 
classifying colorimetrically and in an automatic way 
natural stone(7). Moreover we try to avoid over-
classification distinguishing according to the 
viewing distance to the natural stone slab. 
 
2. Materials 
We have a small training set of natural stone, which 
have been classified by expert person. This set is 
made by eight samples of Rojo Alicante (figure 
1(a)), seven samples of Rojo Alicante of low 
category (figure 1(b)) and four samples of Rosa 
Zarci. (figure 1(c)). 
And now, we will use these samples to try to find 
some mathematical parameters that let us its visual 
classification. 
Figure 1: Training set of natural stone. (a) Top: Rojo 
Alicante; (b) Center: Rojo Alicante of low category; (c) 
Bottom: Other type of marble, Rosa Zarci 
 
3. Methods 
Next we will gather necessary tools to tackle this 
problem. The classification is done mainly 
depending on its global colour, so we need to 
measure the colour over all the slab. We can use a 
tele-spectroradiometer to measure colours, but it 
measures homogeneous colours. Because of this, a 
camera is better than a tele-spectroradiometer, 
because with a calibrated camera we can measure a 
lot of colours at once. 
However, there is a drawback. We have to calibrate 
the digital camera to be able to measure colours with 
it. To calibrate the digital cameras we usually use 
one of these methods: Integral calibration and 
polynomial calibration. 
 
3.a. Characterization of a digital camera 
The integral calibration has three phases: spatial 
correction, spectral characterization and colorimetric 
characterization. This method is very long and 
complex, but it tries to imitate all stages that take 
place into the digital camera when you capture an 
image. 
The spatial correction(2) is a lineal transformation 
that corrects the non-uniformity of the response from 
the sensor. So if illumination is constant in all area 
of optoelectronic sensor, all pixels of the camera will 
respond equally. With this process we make sure 
that spectral and colorimetric calibration which we 
make for the central zone of the camera will be used 
us for all pixels as area sensor. 
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In the spectral characterization(3), we measure 
monochromatic signal for obtain spectral 
sensitivities RGB of the camera by each channel. 
The last step is calculate the colorimetric profile, 
using a letter DC ColorChecker and data from the 
spectral calibration(4). And now, we already can 
calculate the tristimulus values XYZ from digital 
level. 
The polynomial calibration(5) is more simple and 
quicker than the integral calibration. We only have 
to measure the XYZ values and the digital level 
RGB from a training colour set. Later we have to 
calculate the parameters of a third order polynomial 
that better fit these values. 
But both methods have the same drawback, when we 
measure colours from the training colour set, the 
calculated mistakes are very small, however when 
we measure other colours the calculated mistakes are 
bigger. In spite of the fact that the tele-
spectroradiometer is more accurate than the 
calibrated digital camera, this is more useful to 
measure the colours of a textured object. 
3.b.- Image colour appearance model 
Once made the previous necessary calculations to 
calibrate the digital camera, we will take a photo 
from the natural stones that we want to classify and 
then we will calculate the XYZ tristimulus values of 
each pixel of the images. But the problem now is 
that the visual system analyze each colour depending 
on colours that round it(9). Because of this, we need 
implement a image colour appearance model. We 
have chosen the S-CIELAB model(10-12) for this. This 
model is an extension special to CIELAB model and 
it is very easy to use because its authors have 
developed the routines in Matlab(11). 
3.c.- Spatial colour dithering 
To state successfully the problem of the visual over-
classification at near distances in some types of 
natural stones, we are going to do a simple 
deduction.  
Figure 2: Diagram of area sensor and its projection over 
object space. 
Let us imagine the sensor of the digital camera like a 
grid, where each area correspond to a pixel of the 
captured image. Each pixel subtends an angle u in 
object space (see figure 2). 
So the spatial resolution is determined by sensor size 
p’ and the focal distance x’, according to the next 
equation: 
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If we put a object near enough the device of image 
capture, for example a distance x0, the solid angle 
will be smaller than the smallest spot of the object (a 
natural stone) and, therefore, the image will be 
correctly sampled. If the object is too far away from 
the sensor, a distance x>x0, the solid angle will be 
bigger than it and therefore the images will not be 
correctly sampled. In this situation the distance x is 
k times the initial distance x0. So the area p, that the 
angle u subtends, is k by k times bigger than the area 
p0. 
Our objects are image of natural stone, then to 
simulate the spatial colour dithering(13) we will 
average k2 pixels of the original image. The 
averaged quantities could be directly the digital level 
values of the image, but this would be 
colorimetrically unsound, because these values do 
not predict color appearance. Thereby this article 
proposes to average CIE XYZ tristimulus values. 
The CIE XYZ tristimulus values have been chosen 
because they are the psychophysical encoding of 
color science and the perceptual CIE L*a*b* values 
are based on the CIE XYZ tristimulus values. Then 
if the digital level values of k2 pixels are fitted by 
{Xi,j Yi,j Zi,j}i=1,..k; j=1,...k, the new tristimulus 
values will be: 
  ∑ == jik ji XkX ,1,21  
  ∑ == jik ji YkY ,1,21                           (2) 
  ∑ == jik ji ZkZ ,1,21  
 
4. Results 
 
4.a. Colour characterization of a digital camera 
Firstly we calculate the colour differences between 
calculated values and measured values of the 
training colour set for both methods of calibration. 
And we observe that the polynomial calibration is 
better than integral calibration and the errors are 
very small. Then, we calculate the colour differences 
between calculated values and measured values of 
the test colour set. And we observe that the 
polynomial calibration is better than integral 
calibration too, but the errors are bigger than the 
previous one. 
4.b. Comparison between marble samples 
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After that, we are able to calculate the tristimulus 
values of all images. Later we calculate the L*a*b* 
values and the colour differences pixel to pixel 
between two images: a patron sample and the other 
samples. Our patron sample is a slab of Rojo 
Alicante. Finally we do an histogram of colour 
differences between the images. 
Figure 4: (a) Top: comparison among the patron sample 
and the other samples; (b) Center: comparison among the 
patron sample and the other samples, adding S-CIELAB 
model; (c) Bottom: comparison among the patron sample 
and the other samples, adding S-CIELAB model and 
spatial colour dithering. 
The obtained results are showed at figure 4(a) The 
orange curves are the results of comparison between 
two pieces of same type and same category. The 
blue curves are the results of comparison between 
two pieces of same type and different category. And 
the green curves are the results of comparison 
between two pieces of different type. With this 
figure we are not able to establish any judgements. 
We repeat the same comparison, but now we 
implement S-CIELAB model to our calculations. 
The obtained results are showed at figure 4(b). And 
now it is easier to see differences among the curves 
of same category, the different category and the 
other type. 
Finally, we repeat the comparison, but now we 
implement S-CIELAB model and the spatial colour 
dithering to our calculations. The obtained results 
are showed at figure 4(c). And again it is easier see 
differences among the curves of same category, the 
different category and the other type. 
Moreover, if we compare the three results, we will 
see something very interesting: only for the same 
category the width of the curves is reduced and the 
height is increased. 
Consequently we think that the variation of the 
width or height is a possible parameter to classify 
the natural stone. However, we need to test this 
results using more samples. 
 
Conclusions and future work 
We have obtained that polynomial model for 
calibration of digital camera is better than integral 
model. 
On the other hand, the we have started establishing 
some judgments of colorimetric classification for 
textures adding S-CIELAB model before calculating 
the colour differences. 
Moreover, we think that it is possible to improve the 
judgment of colorimetric classification of textures 
taking into account the spatial colour dithering to 
some viewing distances. 
Future works, we will try to improve the 
classification changing the image colour appearance 
model, the digital camera or calibration method, and 
adding more samples of natural stone. 
And finally, this automatic visual system may be 
used in all industries that need a visual classification 
of products (natural and artificial stones, ceramic 
tiles, etc). 
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